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Summary
Adalimumab (also called D2E7, LU 200134) 1s a fully human recombinant
‘monoclonal IgGI antibody directed against TNF alpha, to which it binds with high

w0 affinity. "I'NF»i‘s a nanlral]y_oqcmﬁng cytokine and plays an imponaht role in pathologic

“inflammation and the destruction of the joints. Adalimumab by virtue of its binding to
"TNF, neutralizes the biological function of TNF by blocking its interaction with the p55
and p57 cell surface TNF receptors. In the patients with rheumatoid arthritis (RA), the

TNF levels are increased in the synoviai ﬂuid. Ada]ixﬂumab consists of 133 amino acids

and the approximate molecular weight of adalimumab is 148 kDa. The recommended

dose of adalimumab to the patients with RA is 40 mg subcutaneously every other week.

The patients can continue with methotrexate, glucocorticoids, salicylates, nonsteroidal

anti-inflammatory drugs or other analgesics. Those patients who are not taking
 concomitant methotrexate may take 40 mg adalimumab every week.

Following a single intravenous dose, ranging from 0.5 to 10 mg/kg, given over 3
to 5 minutes, both Cmax and AUC increased proportionally with dose indicating that the
pharmacokinetics of adalimumab was linear over this dose range. Volume of distribution
at steady state (Vss) was 4.9 + 1.5 L. The clearance and half-life ranged from 11.5 to174
mL/hr and 10 to 13 days, respectively.

Following a single subcutaneous dose of adalimumab (0.1, 0.3, 1.0 mg/kg), the
Cmax ranged fror -~  microgram/mL and the time to reach the maximum
concentration (Tma_%);ranged from 4 to.7 days. The apparent clearance of adalimumab
was about 21 mL/min and the half-life ranged from 11 to 18 days across the doses. The

absolute bioavailability (1 mg/kg SC and IV) of Adalimumab was 52%. When Tween-80



was added (both IV and SC) to the formulauon the absolute bxoavaxlabrhty of
subcutaneously admrmstered adalimumab at 40 mg dose was 78%.

Following 40 mg sc adalimumab dose, the clearance and half- hfe were about 13
mUJhr and 16 days, respectively. However, across doses, the average clearance of
adalimumab was about 20 mL/hr and the mean half-life was about 20 days. The steady
state clearance of adalimumab following 40 mg SC dose ranged from 17 to 25 mL/hr.

MTX decreasesr adalimumab clearance as high as 70%. For examble at 1 mg/kg
dose the mean clearance of adalimumab was 17.4 mL/hr but in the presernce of MTX the
mean clearance of adaﬁmumab was 12 mL/hr (a decrease of 31%). In a population PK
study, the mean clearance of adalimumab was 24.6 mL/h and 13.8 mL/hr in the presence
of MTX (a decrease of 44%). The clearance of adalimumab in MTX(-) patients with and

without HAHA formation was 58.8 and 22.3 mL/hr, respectrvely (a decrease of 63%) and ;.;,:?;., T

in MTX(+) patients was 43.2 and 13 7 mL/h, respectlvely (a decrease of 68%)

A population PK studyv(adahm_umab dose range:0.25 to 5 mg/kg), indicated that
adalimumab has-also an impactr on the CL of MTX. The MTX élearance with and
without adalimumab was 6.16 and 4.39 V/hr, respectively. In the presence of
adalimumab, the MTX clearance increased by 40%. .

The steady-state clearance of adalimumab appears to be same as a single dose.
However, in study DE018 (study #13 in this review) the steady state clearance was
almost 45% higher than observed in study DEO09X (study #10 in this review). The
accumdlat.ion ratio of adalimumab was 1.69-3.29 for every other wee]{ and 2.76-6.04 for
weekly dosing. A _ ' A

Body weight between 40 to 82 kg may not have any impact on the clearance of
adalimumab but clearance of adalimumab increased by 25% over 82 kg body weight.
The clearance of adalimumab decreases with increasing age (<40 years = 26.7 mL/hr;

>70 years = 17.8 mL/hr; decreased by 33%). The levels of adalimumab appeared to be
lower in the females but when adjusted based on the body wei ght the difference in
clearance between the two genders disappeared (males = 0.33 + 0.22 mL/hr*kg (n =

299); females =0 331025 mIJbr*kg (n=1009). Itis hlghly unlikely that rheumatism
will alter the pharmacokmetlcs of adalimumab, nevertheless, from the submitted studies

it is difficult to make any such conclusion.



The overall HAHA positivity rate while on treatment was low (5.5%). For 40 mg’
every other week, the rate was 5.7%. Wlth MTX, the rate was very low and it is difficult
to make any meaningful assessment. Since the current assay method cannot quantify
adalimumeb-HAHA compiexes, their elimination rate from the body cannot be estimated.

From the clinical trial data, the Sponsor attempted to establish concentration-
effect relationship. The pnmary endpoint was based on the American College of
Rheumatology (ACR) disease scoring system (ACR20, ACR50 and ACR70). Attempt
was made to relate the mean ACR20% with the mean trough adalimumab concentrations.
A sigmoidal Emax model was found to be suiteble to describe the concentration-effect
relationship of adalimumab.

The ACR classifications, however, are not especially well suited for traditional

pharmaeokmeuc—phzumacodynamxc modelmg Thedataarebmary therefore,alogxstrc o e e el

regressron approach is more suitable to relate p]asma concentrations with effect. On the
surface, the Sponsor’s Emax model appears reasonable, yet its predictive performance

~ may be poor as this model has not been validated on a separate data set. Furthermore,
there are only few data points and these points are also mean values. In short, this

- pharmacodynamic model may be good for some exploratory purposes but the regular use
of this model to predict effect against known concentrations in a given individual is.

inappropriate.
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Study #1

Title: Phérmacokinetics and safety of single subcutaneous and intravenous
administration of adalimumab (Lu 200134, D2E7) in heélthy male Caucasians: A double-
blind placebo-controlled parallel-group study (DE024).

This was a single center, double-blind, randomized, placebo-controlled, parallel-
group, ascending single-dose study in healthy male volunteers. There were 80 subjects
(60 active and 20 placebo) in the study. The subjects (19 to 45 years; weight = 61 to 106
kg) received a single intravenous dose of 1 mg/kg of adalimumab over 2 to 3 minutes or
0.1, 0.3 and 1.0 mg/kg adalimumab dose subcutaneously. Five mL of venous blood were
-drawn at time 0, 0.3, 1, 4, 8, 12, 24, 48, 72, 96, 168, 336, 504, 672, 840, 1008, 1176 and.. .
1344 (day 57) hc;ins: Drug concentrations wéré measured in serum usmgavahdated o

- . . enzyme-linked immunosorbent assay (ELISA) method. The lower limit of
quantiﬁcan:on of adalimumab in serum was ===  in undiluted serum. Human anti-
human antibodies (HAHA) were measured from 96 hours to 1344 hours. HAHA samples
were also taken 4 months after dosing from as many subjects as possible. The LOQ 4for(
the HAHA assay was == i undiluted serum.

Following subcutaneous administration of adalimumab the mean Cmax and AUC
(0-inf) increased with increasing dose though not necessarily linearly. . Time to reach the
maximum plasma concentration ranged from 48 to 336 hours. The mean absolute
bioavailability of adalimumab was 52% (1 mg/kg SC vs 1'mg/kg IV). The mean
systemic and apparent clearances were 11 ml/hr and 22 mL/hr (mean of 0.3 and 1.0
mg/kg SC), respectively. The mean half-lives ranged from 284 to 433 hours across
doses. The pharmacokinetic parameters of adalimumab have been summarized in the

following Table (next page)..

Conclusions: The Cmax and AUC of adalimumab increased proportional]y with dose
only at doses of 0.3 and 1 mg/kg. Dose of 0.1 mg/kg is probably too low for appropriate

characterization of pharmacokineic parameters. Furthermore, this is a parallel design



Study #3

Title: A randomized parallel-group, open label bioequivalence study with the
adalimumab (D2E7) clinical trial formulation and the intended market formulation in
healthy adult subjects (DE029).

This was a phase I, randomized parallel-group, open label single dose study in
which 120 (60 in each group) healthy male and female subjects (19 to 45 years) received
two formulations of adalimumab (40 mg) subcutaneously. The objective of this study
was to assess the bioequiva].ence of the new adalimumab formulation, intended for future

clinical trials and marketing with the present formulation used in phase I, 11, and Il

.+ . clinical trials. Venous blood samples were taken at regular intervals till 360 hours (day

‘ 15) Dmg concentrations were measured in serum usmg avalidated <~ enzyme-
linked immunosorbent assay (ELISA) method. The lower limit of quantification of
adalimumab in serum was <= e Human anti-human antibodies (HAHAS) were
measured before dosing, at 360 hours and at 1344 hours. The LOQ for the HAHA assay
was

Mean Tmax, Cmax and AUC (0-360) of adalimumab were comparable between
the two formulations. The 90% confidence interval on log transformed Cmax (0.857-
1.041) and AUC (0.850-1.014) was within 80 % to 125%, indicating that the two
formulations are comparable (please see comments). The pharmacokinetic parameters of
adalimumab have been summarized in the following Table.

Table 11.5a Mean + SD Pharmacokinetic Parameters of Adalimumab

Treatments

L AZSmg/nﬁ.ldahmumab BSOmdmLadahnmmab o
(Rcfmnce) . - (Tm) e
P60 - 59
.I31.9z$9-3-: T 1306:556
o Asesisiel | egmass. o o
Lo 13323523 7 122|7t3386

* For AUCp.36p N =59, excluding Subject 1116
Cross referencés: Tables 14.2__1.1 and 14.2__1.2
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'Table 11.5¢ Bioequivalence Assessment and Relative Bioavailability

L Estimate of Population —_Relative Bicavailability. O
" Treatménts - Phirmacokiniic -~ Central Value® ~ ' - Point . 90% Confidence
Test vs. Reference  Parameter - Test Reference  Estimate+, . _Interval

" BvsA . - Cmax 8478 - 4741 0944  085T-1041

- AUCpe 17130 ,1‘263.2 .- 0929 - 08501014
- 'Annloganmnorlhemfwlomlhm ’ : -

.. & 'Antilogarithm of the difference (1est minus refcrenice) of the mens for Iogarithms,

Treatment A: 40 mg/1.6 mL of 25 mg/mL adalimumab in citrate/phosphate buffer (Reference) -

" Treatment B: 40'mg/0.8 mL of 50 muml.adahmmab in citrate/phosphate buffer. mthTween-BO ﬂ'esl)
Cmssmfauwe: Appendix 16.1_9.2 -

16



 Table115b Total Varlability

: Variability (%CV) , —

- Parameter Treatment A - TreamentB
o (Reference) . (Test) ’

- Copax (1g/mL) 30.5 33.0
.AUCq.36p (ug-/mL) . 269 - 27.1

[ac TRty Servpny, N YR ts . sesm s

14.4_ Formulation Composition and Components

Table 144_ 1.1 Quanntahve Composxtion of the Test and Reference
o T o AdahmnmabFormnlaﬁons o N .

LU 200134 Concentrate : IS " 40.00
Mannito} - R
Citric Acid Monohydrate : . -
pemc——
- Walert‘otln)ecnon e ] — - o

T muwdwwﬁmpﬂwﬂuvMemmdaumormAmem
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Comments: - , S .

1. In the literature it has been advocated that for long half-life drugs, one can use
truncated area under the curve (generally till 72 hours) for bioequivalence studies. The
selection of 72-hour sampling time is however, arbitrary. The half-life of adalimumab is
over 300 hours. In this study blood samples were taken till 360 hours which is
approximately one half-life of adalimumab. The 90% confidence interval has been
applied on the truncated area of the curve, in this case only till one half-life. The impact
of the truncated AUC up to only one half-life on ﬂ1e 90% confidence interval in
bioequivalence study is not known and may not be appropriate for bioequivalence study.
Therefore, Sponsor’s conclusion that the two formulations are bioequivalent is

questionable.

2. There is a discrepancy in the Cmax and AUC values shown in Table 11.5a and 11.5c.

The reason(s) for this discrepancy is not clear.
3. The study population consists of 50% males and 50% females. The Sponsor should

evaluate the effect of gender on the pharmacokinetics of adalimumab from this study
also. S

APPEARS THIS WAY
ON ORIGINAL
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Study #4

Title: A randomized, paral]e]-gronp; opeﬁ-label study to assess the absolute and relative
bioavailability of three injectable formulations of human anti-TNF armbody D2E7 (LU
200134) administered to healthy adult subjects (protocol DE015)

This was an open-]abei, randomized, parallel-group, single-dose study in healthy
male and female volunteers (18 to 45 years of age). There were four treatment arms (3 .
subcutaneous and 1 intravenous). There were 12 subjects in SC group and 16 in IV
. group. The subjects received 40 mg SC or IV dose. The following is the description of
the study drug. - o )

iif'i&o'if, mwmmmm B

Treatment th!d - -Route of D2E7 .  Formuation R
- group no. of administration  Concentration * : -
. subjects mmmydou) o

A 16 25Smg/ml- Ciinical _ None

) (Wm) .+ . (Prase Vi) -
(-] 16 e -SOmg/mL  Market Y Tween80 |
. C 18 . . Somgml Maket - 7 “None

{40 mg) ) © . .candidate T

o 2 4 Somgiml * Market [ - Tween-§0

_Momg) . - candate

N .~Two of the fourmeatmcntswem n:fercnce treatments, theothenwo wcrethe -
_' mt treatments, as follows: .

: TreaunentA 25 mymLD21-37 wnthout Tween-80 scm]ecuon. wasuuhzed R
Lo in carly clinical trials and was used here as the teference to
estimate relative bloavmlabxhty

: V,Tréan_ncmB 50 mg/mL DZE7 with Tween-80, sc mjecnon was bemg w7
'testcd for use in Phase III trials and as a possnble markct o

—

Treatment D: 50 mg/mL D2E7, With Tween-80, iv injection, was the

reference used to estimate absoldte bioavailability of the sc route. ~
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To obtain a 40-mg dose from 25 mg/mL D2E7 prépared as 50 mg in a 2-mL
volume (Treatment A), 1.6 mL of study drug was withdrawn from the appropriate vial
into a 3-mL syringe. To obtain a 40-mg dose from 50 mg/mL D2E7 with Tween-80 |
prepared as 60 mgina 1.2-mL volume (Treatments B and D), 0.8 mL of study drug was
withdrawn from the appropriate vial into a 3-mL syringe. To obtain a 40-mg dose from
50 mg/mL D2E7 without Tween-80 prepared as 60 mg in a 1.2-mL volume (Treatment
C), 0.8 mL of study drug was withdrawn from the appropriate vial into a 3-mL syringe.
Treatments A, B, and C were subcutaneously injectqd over 3 to 5 seconds using a 25-
gauge needle; one injection was administered to the left or right thigh. Treatment D was
intravenously injected using a 20-gauge needle by slow iv push over 2 to 5 minutes to the
left or right antecubital vein; the injection was immediately followed with a saline flush.

Bloodsamplesweredrawnattnmeo 0.25,05,1,15,2,4,8, 12, 24,48,72, 96

120, 144, 168, 192, 360, 528, 696, 864, 1032, 1200 and 1536 (day 65) after IV
administration and at time 0, 1, 4, 8, 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 144, 168,
192, 360, 528, 696, 864, 1032, 1200 and 1536 (day 65) after SC administration. Drug

concentrations were measured in serum using a validate~ >  enzyme-linked

immunosorbent assay (ELISA) method. The lower limit of quantification of adalimumab
in serum was ~— . inundiluted serum. Human anti-human antibodies (HAHAs)
were also analyzed in this study The LOQ for the HAHA assay was ==  _in
undiluted serum.

The mean Cmax and Tmax for the three formulations of D2E7 following SC
administration were comparable. Due to the formation of HAHA beyond 360 hours, the
Sponsor considered the AUCg.360) hours as reasonable for this parameter. Tween 80 did
not appear to have any significant impact on the Cmax, Tmax, AUC, and clearance of the
three formulations of D2E7. The absolute bioavailability of D2E7 with Tween 80 was
about 78%. The relative bioavailability was over 95% for D2E7 without Tween 80 when
compared with D2E7 with Tween 80. The following Tables summarize the results of the
study.

20
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.. PKPW TmA . TWB- rmc . Tv_aat_mmo R
" “Cmax (ugnl) 5212 1.19 5162185 4722101 15072425
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AUCo.. (pgehim) 331121048 35412 287 2981 + 586. 4509 2 1653
Ka (1) 0.002110.0009 0.0016+£0.0004 0.002110.0009  0.0015% 0.0004
oAy 3822164 464 2 115 388 & 159 4843128
* CUF (miimin) 0221009 - 0.192001 0.2340.08 e
(- PO -~ - - 0.1810.08
vz L) ‘ 66215 75217 73224 8821’
'Awmdwmwm rmuu,asmwu.om . e
> AUCo+ for il subjects Treatment B: sc, 50 my/mi. D2£7, mm_

rmmoac.somoza L
‘rmmo:u sommozerumm

7 Table9 ummmmmummqummmmn»
— ,Pxew - .mmﬁ.m, .
‘ TRATRD (WN) _TRBTAD(WN). TR CARD (WN)
‘ AUCor . 69.7 (1511) 77.7.(1801) 616 (1e/17)
© AUCe- T34 () 75.5(8/7) 68.1(7/7)
RMQVBW(F.%)
Lt o o T TABAAAMNNY . TAGITRA (WN).
~ AUCosan .- 104.6 (14/15) - "96.5 (16/15)
AUCoy 111.5 (1515) 88.4(16/15)
AUCo. . 'w'ro('eb) 900 (7/9)
kaac.zsmvm.om Tmc:sc,somwms.oza

- -Traatment B: sc, 50 mgmL. DZE7, with Tween-80
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WAUCoy) . Rafio . 689 789 - _g03 1148 .- 878
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e 5,1 150 16,11 - 15,15 18,18
7% 705 1080 was
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Comments:

1. Based on the relative bloavallablhty, it appears that Tween 80 has no impact on the
bioavailability of D2E7. A small difference in AUC between the_three SC formulations
of D2E7 may be due to the parallel design stﬁdy (there is almost 11% difference in
AUC(0-inf) between treatments A and C (without Tween 80)). The Sponsor, however,
advocatgs the 50 mg/mL formulation with Tween-80 as the best candidate for a market
formulation.

2. The FDA’s guidance on the use of truncated AUC for bioequivalence studies requires
further investigation. It is the opinion of this reviewer that in order to detect the true
difference between two formulations, the truncated AUC must be obtained at least for.
three half-lives. ‘
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Study #5

Title: A pharmacokinetics asseeement of a multicenter randomized placebo-controlled |
phase I study of the human anti-TNF antibody adalimumab administered as weekly
subcutaneous injection of 0.5 mg/kg in patients with rheumatoid arthritis (protocol
DE004).

This was a multicenter, open-label, randomized, placebo-controlled study in
patients with rheumatoid arthritis. There were 24 patients (18 active and 6 placebo; 6
males and 12 females in active group) in the study. The patients (28 to 75 years; weight
= 54 to 93 kg) received a single subcutaneous dose of 0.5 mg/kg adalimumab weekly for

2.5 years. Blood samples were drawn before }he first injection of ada]imhmab, andthen .. ..

at 15 minutes, 1, 4, 8, 12, and 24 hours after the first injection. Thereafter, blood samples
were takén before each dose till 35 months. Drug concentrations were measured in
serum using a a method. The lower limit of quantification of
adalimumab in serum was = .. Human anti-human antibodies (HAHAs)
were measured at baseline, day 8, and thereafter at all subsequent visits. HAHA
concentrations were only measgred if adalimumab concentrations were <2.0
microgram/mL The LOQ for the HAHA assay was === _ in undiluted serum.

Plasma concentrations vs time data were analyzed by a population
pharmacokinetic approach using NONMEM. The inclusion of POSTHOC in NONMEM
analysis provided the PK parameters for individual subjects. The mean clearance (CL/F)
following POSTHOC estimation was 19.08 +9.79 mL/hr. The elimination half-life was
reported to be 22.4 days. In this study, age, weight and gender did not produce any effect
on the PK of adalimumab. Only one patient had HAHA concentration/ =~ ng/mL)
above BLQ. The pharmacokinetic parameters of adalimumab have been summarized in
the following Table. .
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study that may increase the variability in the pharmacokinetic parameters as compared to

crossover design that in turn may have impact on dose linearity.

Table § deAMMQ&mmﬂ
Intravenous administration of adafimumeb I heaittry adult subjects .

PK Parameter Cimphge O3 mohge  TOmPRE O
G o] Wi Weiy e W=
‘Mean £ SO 05201 - . 20207 . 81228 34.8 t88
Pl - ) : .
Trdx ) Netsp el . Nelg et
Median 1880 . 18RO . 980 10 -

"1 (Min, —Max) —
ACODM gl Ne1s) - New) e Ma1s
) 119.3£388 - - 48351101.0 158582 561.7 4178.21 68482 -

Net . NeN] - ety et
Meen ¢ SD | 20162947 41643241530 42480312171 | 81539227033 [

mp . MNewy e CN=1y L MNe3s
Meoan £ SD 204._3:11851 ’:7203.2:175.4“ 433941940 . 387922180 .

melg

L CUFmm . PNt _
T 208271 -

" Mesn2SD 3122118 -
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(Min, - Max.) - ) L - —

‘Mean ¢ SD . ST le T - . 49218
. (M - Max) . o . T .. T e—-—
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Study #2

Title: A multicenter, placebo controlled ascénding dose phase I study of the human anti-
TNF antibody D2E7 administered as an intravenous injection in patients with rheumatoid
arthritis (DE0O1).

This is a multicenter, double-blind, randomized, placebo-controlled, parallel,
ascending single-dose study in patients with rtheumatoid arthritis (RA). There were 24
patients (6 placebo and 18 treated, a total of 43 males and 77 females) in each dosing
group. The patients (24 to 80 years) received a single intravenous dose of 0.5, 1.0, 3.0,
5.0, and 10 mg/kg dose of D2E7 over 3 to 5 minutes. Five mL of venous blood were

_drawn at time 0, 0.08, 0.25, 1, 4, 12 and 24 hours and then weekly through day 29.
Synovnal fluid samples were also collected from 5 zp'ati'e'nts' receiving eith_er drug or
placebo. Drug concentrations were measured in serqrh and synovial fluid using a
validated . enzyme-linked immunosorbent assay (ELISA) method. The lower

)

limit of quantification of D2E7 in serum and synovial fluid was )

Human anti-human antibodies (HAHA) were measured up to 6 months post dose. In

order to establish a dose-response relationship, responses such as Disease Activity Score

~ (DAS) and the American College of Rheumatology for 20% (ACR 20) and 50% (ACR~" -
50) improvements were measured. Noncompartmental analysis was used to estimate the
‘pharmacokinetic parameters of D2E7.

Mean serum D2E7 concentrations increased with increasing dose. The mean

Cmax ranged from 24.6 mcg/mL (0.5 mg/kg) to 283.7 mcg/mL (10 mg/kg). The Cmax
was linear over the dose range of 3 to 10 mg/kg dose. The mean AUC ranged from 2729
mcg*hr/mL (0.5 mg/kg) to 67115 meg*hr/mL (10 mg/kg). The clearance slightly
decreased with increasing dose. This, however, is not an outright indication that D2E7 is
nonlinear over the dose range of 0.5 to 10 mg/kg. The half-life of D2E7 ranged from 242
to 326 hours. The pharmacokinetic parameters of ﬂﬁs study have been summarized in the
following Table.
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The linear regx'eséion of dose vs AUC (%= 0.86) indicated that the slope was

significantly different from zéro whereas intercept was not different than zero indicating

the linearity of D2E7 over the dose range of 0.5 to 10 mg/kg (Sponsor’s claim).
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Weight and age showed no impact on the clearance and volume of D2E7 but

gender seems to have an impact on the clearance 6f D2E7. The males had higher

clearance of D2E7 than the femalés.
Measurable D2E7 concentrations {  sses -microgram/mL) were observed in -

- 11 synovial fluid samples collected from 5 subjects and the concentrations appeared tobe -~ - -

dose dependent. D2E7 appeared to persisi for more than 2 months in the synovial fluid
after a single IV dose. No HAHAs were detected in any patient in the first four weeks of
- the study. Orily one patient had a detectable HAHA level at 3 months after dosing.

A plot of Area Under the Effect Curve (AUEC) of DAS vs AUC indicated slight
increase in response with increasing D2E7 exposure. Plots of AUEC of DAS vs dose and
AUEC of ACR20 vs mean AUC of D2E7 for each dose indicated that the response
increased at dose from 0.5 to 1.0 mg/kg. Beyond this dose no meaningful increase in the
response was noted. However a plot of AUEC of ACRS50 vs mean AUC of D2E7 for
each dose indicated that the response increased at dose from 0.5 to 3.0 mg/kg. The plot
also indicates that as the AUC of D2E7 increases (at doses 5 and 10 mg/kg), the AUEC

of ACR50% decreases. The reason of this decrease in response is not obvious.

11
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Conclusions: The pharmacokinetics of D2E7 based on AUC appeé.f to be linear over the
dose range of 0.5 to 10 m.g/kg. Though the correlation between AUC and dose is not
-very strong (i* = 0.86) yet it is unrealistic to conclude that D2E7 is nonlinear over this
dose range. Lack of a strong correlation between dose and AUC may be due to parallel
design study. Covariates like body weight and age do not have any iﬁlp;ict bn the
clearance of D2E7 but females have lower levels (the difference Bétwé;cn ma]es and
females in plasma conéentraﬁonS of D2E7 has not been provided by the Sponsbr) of drug
than males. The Sponsorrrconcluded that comparatively lower ]evglé of D2E7 in females
than males may not be of any clinical sigﬁiﬁcance. . S

. The mathematical relationship between AUC and AUEC is not a simple linear

) process fathcf itisa ;:omplé'x process and has nét been cléarly established. Therefdxe, the
Sponsor’s conclusion that the relationship between clinical response (AUEC of DAS) and
AUC in individual patients was unclear from this study due to high variability may not be

a correct explanation.
Comment:

The Sponsor should provide the data on males and females from this study to explain the

lack of gender effect on the phatmacokihetics of adalimimab.
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Comments:

- 1. In this study, the method of estimation of half-life is not clear. Please provide this
mformatwn -
2. Inthe mdmdual serum concentratlons Table (11.2_1.2), what does it mean by the term
no value reported (NVR)? Was plasma concentration not measured or was concentration

below the detection limit? Please clarify.
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‘Study #6

Title: A multicenter, placebo-controlled, double blind phase I study of the human anti-
TNF antibody D2E7 administered as an intravenous injection in patients with rheumatoid
arthritis treated with methotrexate (protocol DE0OS5).

This was a multicenter, double-blind, placebo-centrolled, ascending single—doée
study in patients with rheumatoid arthritis. There were 60 subjects (45 active and 15
placebo) in the study. There were 12 females and 3 males in the placebo group and 35
females and 10 males in treatment group. The subjects (24 to 73 years; weight =43.4 to
716 kg) received a single intravenous (infusion) dose of 0.25, 0.5, 1, 3, or 5 mg/kg of
- adahmumab Patients also recexved methotmxate  weekly at doses >12.5 and <25 mg by
N 'any route of administration. Some patlents recenved methotrexate as low as 10 to 12.5

mg/week if they could not tolerate high dose of methotrexate. Five mL of venous blood
were drawn at time 0, 15 minutes after end of infusion and at 2, 6, 12, and 24 hours (in
fact blood samples were taken till 673 hours). Blood samples at 2 and 6 hours were also
used to measure methotrexate concentrations (oh]y two samples). Drug concentrations
were measured in serum using a validated — .enzyme-linked immunosorbent assay
(ELISA) method. The lower limit of quantification of adalimumab in sérum was
- . Human anti-human antibodies (HAHAs) were measured at baseline, day
8, and thereafter at all subsequent visits. HAHA concentrations were only measured if
adalimumab concentrations were <2.0 microgram/mL. The LOQ for the HAHA assay
was = inundiluted serum. Methotrexate concentrations were measured using
— : The lower limit of quantification was
Plasma concentrations vs time data were analyzed by a population
pharmacokinetic approach using NONMEM (and also by noncomparmental analysis as
.claimed by the Sponsor). The inclusion of POSTHOC in NONMEM analysis provided
the PK parametéls for individual subjects. Across the dose group, the mean cleararice
(CL/F) following POSTHOC estimation ranged from 0.009 to 0.012 L/hr (9-12 mi/hr). -
The elimination half-life ranged from 353-464 hours. The age did not appear to have any

\
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impact on ihe pharmacokinetics of adalimumab. There was a linear increase in serum
clearance with an increase in total body weight but the relationship between body weight
and c]earancé was not very strong = 0.14). The males had a 30% higher clearance of
adalimumab than the females but the weight based CL was not different between the two
genders. The pharmacokinetic parameters of D2E7 have been summarized in the
following Tables.
Methotrexate conéentrations were measured at 2 and 6 hours following oral (n =
* 21), subcutaneous (n=2) and intramuscular (n=6) administration. In the presence of
D2E7, the concentrations of methotrexate fol]owing oral administration decreased both at
2 (64%) and 6 (41%) hours sampling time. Following subcutaneous and intramuscular
administration, the concentrations of MTX remained almost unchanged in the presence
, and absence of D2E7 (probably the difference could not be detected due to small sample .
- size). The populatlon pha:macokmetlc study indicated that D2E7 incréased the o
clearance of MTX by 40% (4.39 I/hr vs 6.16 V/hr).
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Comment:

The Sponsor mentions that in this study, a noncomparmental analysis was also performed

but no data have been provided.
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Study #7

Title: Pharmacokinetic assessment from: A multicenter, phase T coritinuatiptl study of the
human anti-TNF antibody D2E7 administered as an intravenous injection in patients with
rheumatoid arthritis treated with methotrexate (protocol DE005X). - -

This study was corttinuation of the previous study (studj—#6) wﬁere patients with
rheumatoid were given D2E7 with methotrexate as a single IV éscending dose. This
study was also an ascending dose study given biweekly to patients with theumatoid
arthritis along with methotrexate. There were 60 subjects in the study. Data from 43
subjects were evaluated i in the PK study (34 females and 9 males). The subjects (30t0 73
years; weight = 50 to 94 kg) received multiple (bxweekly) mtravenous (mfusxon) dose of :
0.25,0.5,1,3, or5mg/kgofadalmumabovcr3 toSmmutess

Study DEO005X became open-label with administration of the third dose. Patients
were assigned to the same dose level to which they were assigned during Study DEOOS.
The dose levels explored were 0.25 mg/kg, 0.5 mg/kg, 1.0 mg/kg, 3 mg/kg and 5 mg/kg
and placebo for adalhnumaﬁ. Those patients receiving placebo were szitched to
adalimumab at the time of the third dose. Though adalimumab doses Were administered
via intravenous (iv) injection over a period of 3 to 5 minutes, later, patients were allowed
to switch to a 40 mg dose of adalitnumab administered via the Subcﬁtaneous (sc) oriv
route. Patients were to receive doses of adalimumab biweekly for the ﬁrst;24 weeks of
treatment. If a patiertt registered an ACR of 50 or better (ACR 50), t}te dosing interval
was allowed to be extended to a monthly schedule, provided that consent whs obtained
from the investigator, the medical monitor and the patient. The maxnmum treatment
duration for a patient was approximately 26 months (counted from the first dose
administered during Study DE0OS). Patients who maintained an ACR 50 response or
better indication of improvement in disease status were allowed to taper their
corticosteroid dose after 24 weeks of adalimumab therapy at the rate of 1mg/month,
provided they continued to demonstrate at least a 50% improvement in disease status
compared to study- entry.in DEOOS. A patient’s methotrexate dose was to remain
unchanged during the study. However, at the discretion of the investigator and with the
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approval of the medical monitor, patiénts exhibiting signs or symptoms associated with
.xnethotiexate toxicity were allowed to reduce their dose by 2.5-5.0 mg weekly. No
patient was allowed to have their methotrexate dose tapered below 7.5 mg weekly; any
patients who required such a reduction were to be withdrawn from the study.
Additionally, the methotrexate dose was not to be tapered concbmitantly with
corticosteroid dose tapering.

Blood samples for the measurement of adalimumab concentrations were collected
at 0.25, 2, 6 and 24 hours after the end of inje;:ﬁoﬁ administered at the month 5 visit (till
week 72. HAHA concentrations were measured at months 6, 12 and 18. Blood samples
at 2, 6, and 24 hours dosing were also used to measure methotrexate concentrations. Drug
* concentrations were measured in serum using a validated — . enzyme-linked
_ mmunosorbent assay (ELISA) method The lower hmxt of quanuﬁcauon of adahmumab

\- o R R R

in serum was e ‘ TheLOQfortheHAHAassaywas RS "y

undiluted serum. Methotrexate concentrations were measured using e
— ) T'he lower limit of quantification was ..
The pharmacokinetic parameters of D2ET7 have been summarized in the following
Table. '

Comments: _

1. The method to calculate AUC from time 0-336 is not clear especially when blood
samples were collected till 24 hours. Therefore, the estimated CL values of adalimumab
across doses appear to be ambiguous. '

2. The estimated AUC for MTX based on only two samples are unrehab]e and cannot be

used for any conclusion.
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Study #38

Title: A multicenter randomized placebo-controlled phase II study of the human anti-
TNF antibody D2E7 comparing three dose levels of D2E7 and placebo administered over

12 weeks as weekly subcutaneous injections in patients with rheumatoid arthritis

followed by a continuation period with long term treatment with D2E7 (protocol DE007).

This was a phase I, multicenter, randomized, placebo-controlled study in patients
with rheumatoid arthritis. For the 284 patients (59 males and 225 femalés) who were
included in the p_hannacokiﬁetic study, mean age and weight were 52 years (22 to 83
years) and 68.3 kg (42 to 100 kg), respectively. The patients received either placebo or
adalimumab as 20, 40, gnd 80 mg dose subcutaneously vyeeid_y for 12 weeks. Patients

* who received adalimumab dunng the placebo—contmlled penodcontmued to receive the o
same weekly dose for an additional 40 weeks (blinded continuation). Those patients who

received placebo were switched to receive 40 mg adalimumab for the next 40 weeks
(blinded continuation). Patients who completed the blinded continuation period
continued to receive adalimumab at a dose of 40 mg per week for another year followed
by a six month follow up (open label continuation period). Blood samples for the
determination of serum adalimumab concentrations and HAHA were collected prior to
dosing at baseline, and at 2, 4, 6, 8, 10, and 12 weeks and then every féur weeks till 104
weeks. Additional samples for HAHA concentrations were collected at 1, 2, 3, and 6
months after the last dose of adalimumab. If a patient had a positive HAHA, then
-additional samples were collected at 9 and 12 months after the lat dose of adalimumab.
Drug concentrations were measured in serum using a —
method. The lower limit of quantification of adalimumab in diluted seram was ==
_ == The LOQ for the HAHA assay waé e==  in undiluted serum.

The mean adalimumab serum trough concentration between week 28 and 52 was
5.38, 10.73, and 25.24 ng/mL, which followed the linear pharmacokinetics. The mean.
adalimumab serum trough concentrations reached steady-state by week 16 and stayed
stable themafter (Spdn‘sor’s claim). Thirty-four patients were found to have at least one

31
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serum sample with a HAHA positive signal during the treatment period. The results of
the study have been summarized in the following Table: A

" ‘Table 9.2a Snmmary Statistics of Steady48tate Semm Adalimuriab -
Trough Concentratlo Observed Between Week 28 and
Week 52 - ’

- Dose N - “"Mean, s . Mednan Mnmmum Maximum
e mg) 0 i pmb) o (upfml) o (upml) o phml)  (ug/ml)-
2. - . 538 331" 500 -

40 3. 033 s sk - T

.80 .30 ... -2524 . 1192 . 2698 0. "

" During the Placebo Controlled and Blmded Contmnatxon I
Penods

e
20 -
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Serum’ Adalimumab Concentration ( ug/mL)
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" Proﬁles Foﬂomng Weekly scADosmg ; : Ho-
Controlled; Blinded Contmuahon, and Open Label a
Periods

30 - : =P
} . —v—20mgAdahmumab

Seruin Adalimumab Concentration (ug/mL) }

r—

0.8 1624324048566472808896104
-T'me(chk)

Commenst: .
1.A glance at the plot (9.2c) contradicts the Sponsor’s claim that the steady state has
reached by week 16 and remains stable thereafter. This reviewer concludes that the

steady-state has not reached till 104 weeks.

2. In Table 9.2a, the data have been reported for 87 subjects, whereas in the study reports
‘the Sponsor claims that 284 subjects were evaluated for pharmacokinetics. The Sponsor

should explam this discrepancy.
3. The Sponsor has many trough samples from a givén subject. A population

pharmacokinetic approach would have helped to determine pharmacokinetic parameters

that may be more relevant to draw phérmacokinetic conclusions.
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. ~ ~ .Study #9 )

Title: A multicenter randomwed placebo—controlled phase H study of the human anti-
TNF antibody D2E7 administered as subcutaneous injections in rheumatoid arthritis
patients treated with methotrexate (protocol DE009). ‘

This was a phase II, multicenter, randomized, placebo-controlled stﬁdy in patients
with rheumatoid arthritis. For the 271 patients (63 males and 208 females), the mean age
and weight were 56 years (28 to 84 years) and 74.5 kg (42.3 to 114.4 kg), respectively.
The patients with rheumatoid arthritis who had insufficient efficacy with methotrexate
received either placebo or adalimumab as 20, 40, and 80 mg dose subcutaneously every
two weeks for 24 weeks. Blood samples for the detennination of serum adalimumab

~ ¢oncentrations and HAHA were collected at time 0 4, 8 12, 16, and 24 weeks. Drug.
" concentrations were measured i in serum-using a. C " method.”
The lower limit of quantification of adalimumab in 10% human serum was ==
The LOQ for the HAHA assay was = in undiluted serum.

The mean adalimumab serum trough concentration increased with increasing dose

and followed the linear pharmacokinetics. Eight patiénts_ were found to have at least one
serum sample with a HAHA positive signal during the treatment period. The results of
the study have been summarized in the following Table. '

{l‘ablé 9.1a Mean * SD Serum Adalimumab Pre-Dose Concemtrations

: ,ZOmgadahmumb' ; »40mgadalnmmab. 80mzadahnmmab

. Week  Mean2SD N _MeantSD N . - MeansSD .. N . .-
0 000000 68 . 000£000 66 o.oo:o.oo: 7
4 270x164 69 5882395 65 . 10012470 69
8 2742159 657 . 611x295 61.° 10862469 67 -
S 3102173 6 »,jus;sas'_: 66 . 51110:518?;’;7,1-;“{ '
i 3512233 61 .62 19 67 .
A;:_asszzss- 39 . .48 Y
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‘Comment: : : : ,

1. In this study no attempt has been made by the Sponsor to evaluate the iinpact of
methotrexate on the pharmacokinetics of adalimumab. A historical comparison could
have been made by comparing the trough values of adlimumab in the presence and

absence of methotrexate.
2. A population PK study using trough levels could have provided the estimates of

pharmacokinetic parameters. An zipproach that could have been used to evaluate the
impact of methotrexate on the pharmacokinetics of adalimumab.

APPEARS THIS WAY
ON ORIGINAL
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~ Study #10
Title: A multicenter phase M continuation study of the human antr-TNF antlbody D2E7
administered as subcutaneous injections in rheumatoid arthritis patlents treated with
methotrexate (protocol DE009X).

This was a phase II, mu]trcenter open-label study in panents wrth rheumatord
arthritis who were prevnously parncrpated in study DE009 (study. #9). Panents receive 40
mg dose every other week for a period of 6 or 8 months. There were 250 patients who
were enrolled in the study of which 23 patients took part in the phamtacékinetic study.
For the 23 patients (10 males and 13 females), the mean age and weight were 60 years
(41 t0 77 years) and 73.9 kg (509 to 111.1 k), respectively. Blood samples for the

. ,determmatron of serum adahmumab concentrations were collected over a 14—day dosmg .

 interval and were drawn at tlmeO 24, 48,72, 96, 120, 168, 216 and 312 hours. Blood
samples for HAHA were collected at time 0, and at 3, 6, and 8 months.. Drug
concentrations were measured in serum vsing a -~ ' method.
The lower limit of quantification of adalimumab was* ==  in undiluted serum. The
LOQ for the HAHA assay was =  inundiluted serum. |

The pharmacokinetic parameters were estimated with and without investigator 7
(debarred by the FDA). Investigator 7 provided the data for 8 patients. The only notable
difference in the pharmacokinetic parameters with and without investigator 7 was in the -
clearance. Two subjects in invesﬁgator 7’s group had very high clearance (124 and 202
ml/hr) which resulted in high mean cleararrce as compared to the mean clearance in 15
patients (without investigator 7). The mean apparent clearance at steady state was 20
mL/hr. Ten patients had HAHA signals greater than 20 ng/mL during treatment that
could be suppressed by human serum by more than 50%. The results of the study have
been summarized in thc followmg Table.
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Study #11 .

. Title: A multxcenter randomized placebo-controlled study of the human antl-'I'NF
antibody D2E7 administered as an intravenous or subcutaneous injections in patlents w1th
rheumatoid arthritis treated with methotrexate (protocol DE010).

This was a multi-center, randomized, placebo-controlled study conducted in patients with
- theumatoid arthritis (RA) who had demonstrated insufficient efficacy or tolerability to
MTX alone. After a wash-out period of three weeks in order to clear non-MTX disease
- modifying anu-rheumatxc drugs, 54 patients (18 patients each) were randomized to |
receive one of the followmg treatments:
1 mg/kg adalimumab iv, 1 mg/kg adalimumab sc, or placebo for adalimumab.
After a minimum of four weeks (the exact mterval depended on the patient's response
status as defined by the European League Against Rheumatism [EULER] criteria based
on the disease activity score [DAS]), the patients received a second blinded injection of
study drug. On the third injection, the study became open-label after which all patients
were to be treated with a 1 mg/kg dose of adalimumab administered subcutaneously for
up to 2.5 years counted from their first injection. The timing of treatment during the
open-label period was determined by the patient's response status. All patients were
to receive a stable weekly methotrexate dose between 7.5 and 25 mg throughout the study
period. ‘
For the 54 patients (14 males and 40 females), the mean age and weight were 53

years (22 to 71 years) and 73.5 kg (41 to 96 kg), respectively. Blood samples (5 mL) for
the determination of serum adalimumab concentrations were collected from each patient
at time 0, 0.25, 1, 4,8, 12 and 24 hours and on days 8, 15, 22, and 29 and thereafter at 2,
3, and 6 months (NONMEM data file indicates that blood samples were taken beyond
day 900). Blood samples for HAHA were collected at sﬁdy entry, predose screening and
during the follow-up and post-study visit periods. Drug concentrations were measured in
seram using a- —-. method. The lower hmxt of quantification of
adalimumab was == indiluted serum. The LOQ for the HAHA assay was =

«  in undiluted serum.
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The pharmacokinetic parameters were estimated using non-compartmental as well
as population pharmacokinetic approach. The estimated pharmacokinetic paramefers
were comparable by the two approaches. The following Tables summarize the results of
tﬁe study.

Tablé92¢ Noncompartmental and Population Pharmacokinehc

Parameters for Adahmnmab
- - Phanuicokinetic. - lmmw-mmbiv 1 g Adulimumabse gl
- w o (N=18) - - . (N=1§) - - . (N34 . -
TCm GOl 30842656 (213;) ' — _ —
T ® LIS2114 (99.1%) - A -
Ty (dey) 163£6409%)  .203259(92%  1990340%)

~.[391.89 2 152.7 boun] - . [486.02 2 141.96 hours}

oiserEzsesn -

" AUC, (ugebiml) G.0%) R : _ -
QL (mlm) 11.0242(382%) - 11.2(54.6%)
Val) 5282111 (21.0%) - T 60(162%)
" Fvalue S A - L - ' c . 038
v ing , 5 == sub . . .
. ~0-mmmmm R
" '*.Using oll serum adali b jon data e up to 2.5 years.

mmrmnz_u-uu_umwul 4l

© The pb;":uiatimi esiimates of the PK parameters are presentéd in Table 9.2a below:

o Tab]e 9.Za Population Estimates of Pharniacokinetic Parametelrs R -
e UsmgNONMEMPharmacokineﬁcSoftware e

-Parameter . Units- - Estimate ~ .. SE -

S Lday 0237 (9875 mLm) 0.0242
SVl ) - 1 A ©. oz2n :
. Q. Ly - 1oa(4somnuh) S 71 :

Both clearance and half-life were comparable when estimated either by
noncompartmental analysis or population PK approach. Two out of 54 patients had
HAHA positive signals. '
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Com‘ments; ) _

1. Despite the fact that the data are available for SC administration of adalimumab, the
Sponsor did not calculate the PK parameters as was done with IV administration. Please
- provide the data.

2. Ttis not clear how did the Sponsor generate POSTHOC estimation of VSS. In the
control stream file Vss does not appear. It appears that Vss has been calculated by
édding V1 and V2 that renders all calculations of Vss as incorrect.

3. Inthe POSTHOC estimation, it is not clear how did Sponsor estimate the half-life.

4, Table 2 is incomplete (P#397 of the study report, V#19). Some subjects’ data on PK
are missing. ' . .
5. There are 54 subjects in the study of which 18 were given plzalcebo.’ NONMEM data

file consists of 54 subjects with plasma concentrations.

APPEARS THIS WAY
ON ORIGIHAL
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Study #12
Title: A multicenter randomized placebo-cbntmlled phase m study comparing two doses
and two dosing intervals of the fully human anti-TNF antibody adalimumab versus
placebo administered over 6 months as subcutaneous injections in patiénts with |
theumatoid arthritis (protocol DEO11). o

_This was a phase III, multicenter, randomized, placebo-controlled study in
patients with rheumatoid arthritis. For the 364 patients (79 males and 285 females), the
" mean age and weight were 52.8 years (19 to 79 years) and 68.7 kg (43 to 102 kg),
respectively. The patients received either placebo or adalimumab as 20 or 40 mg dose
administered subcutaneously every week or every two weeks for 26 weeks. Blood
samples for the determination of serum adalimumab concentrations were collected at
time 0, 2, 4, 8, 12, 16, 20, 24, and 26 weeks and at follow up at 1, 2,3, and 6 months.
HAHA levels were determined at weeks 4, 8, 12, 16, 20, 24, 26 and at follow upatl, 2,
3, and 6 months. Drug concentrations were measured in serum using ELISA. The lower
limit of quantification of adalimumab in diluted serum was. = . The LOQ for the
HAHA assaywas~ = .in undiluted serum. The administration of adalimumab at
both doses .and at both intervals resulted in a flat serum concentrations time profiles.
Comment: _

In this study, no pharmacokinetic parameter estimates were reported. The

Sponsor intends to use the data in a population pharmacokinetic analysis.
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Fignre 91a . Mean + SE Conwntratio- of Adalimnmab for Patients

PEARS THIS WAY
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‘ Study #13
Title: A multicenter open label continuation study with subcutaneous D2E7 for patients
with rheumatoid arthritis who completed a preceding clinical study with D2E7 (protocol
DEO018).

This was a phase III, multicenter, continuation study in patients with rheumatoid
arthritis. These patients had previously completed a clinical phase I, H or III study with
adalimumab. There were 21 patients of which 6 were taking methotrexate concurrently.
For the 21 patients (7 males and 14 females), the mean age and weight were 52.8 years
(35 to 66 years) and 68.5 kg (46 to 91 kg), respectively. For the 15 patients (5 males and
10 females) out of 21 patients, who were not concurrently taking methotrexate the mean
age and wexght were 49.7 years (35 to 65 years) and 68.7 kg (46 to 91 kg), réspectively.
The patlents received 40 mg adalimumab adlmmstered subcutaneously every other week
for 20 weeks. Blood samples for the determination of serum adalimumab concentrations
were collected at time 0, and at 24, 48, 72, 96, 120, 168, 216 and 312 hours after dosing.
HAHA levels were determined before dosing and at every 2 months up to 24 months and
at 3 and 6 months post study visits. Drug concentrations were measured in serum using a
~ validated bt . The lower limit of quantification of adalimumab
in diluted serum was  — The LOQ for the HAHA éssay was ~— .in
undiluted serum. The following Table summarizes the pharmacokinetic parameters

- obtained in this study.

Pharmuuneﬁekanlm mmszDphmhmmmlmdmdwfonmglabk

Mahmuubﬁm .
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This study confirms the pharmacokinetic observations noted in previous PX studies.
However, the steady state clearance of adalimumab appears to be higher (almost 100%)
than a single SC dose. No patient had HAHA levels above the limit of quantitation.

APPEARS THIS WAY
ON ORIGINAL



Study #14

Title: Pharmacokinetics and safety of single subcutaneous and intravenous
administration of adalimumab (Lu 200134, D2E7) in healthy male Japanese: A double-
blind placebo-controlled parallel-group study (protocol DE024).

“This was planned as double-blind, randomized, placebo-controlled, parallel and
four dose group study. Subjects were supposed to receive 6.1 to 1.0 mg/kg SC and 1.0
mg/kg IV adalimumab dose. Instead, :the study was terminated after the 0.1 mg/kg SC
dose due to the injection site reactions in the adalimumab freated group. The subjects
were healthy Japanese males between 20 to 45 years old. There were 16 active ahd 4
. placebo Subjects. Blood samples drawn attime 0, 0.3, 1, 4, 8, 12, 24, 48, 72, 96, 168,
336, 504, 672, 840, 1008, 1176 and 1344 (day 57) hours. Drug concentrations w&e
measured in serum using a validated sandwich enzyme-linked immunosorbent assay
(ELISA) method. The pharmacokinetic parameters obtained in the Japanese subjects (n
=16) were comparable with the pharmacokinetic parameters observed in Caucasian
subjects (n =15, a historical comparison). Six subjects were positive for HAHA. The
pharmacokinetic parameters of adalimumab have been summarized in the following

Table (next page).

Comments: ‘

1. The Sponsor has only provided the preliminary summary of the study without the
details of the data (raw data, individual PK parameters and plots). ‘

2. The study raises concern about the administration of adalimumab to the Japanese
population as they encountered the injection site reaction. The labeling should indicate

this concern.
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I’hmldmﬁ: Results; | Phamnacohmc pmmtus,mponed as mean (SD) for the 0.1 mg/kg.:
. (Protocol DE024)

0.46 B
©1 . | — )
N=1s - =i N=tS

* Medion Tmax with range. ) ’

e Dﬁewworwﬁmdteluunwdnmnamun:pmod.unmldmbeulwhmdinmol‘ .
. mmm ol‘HAHAsmﬂnemnmedtllznlwmnnknwm .

O R .'..~- N
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Study #15

Title: Population pharmacokinetic assessments from a phase I trial: A multi-center phase
I continuation study of the human anti-TNF antibody D2E7 administered as an
intravenous injection in patients with rtheumatoid arthritis (protocol DE003).

This was a multi-center coﬁtinuation study of the Phase I Study DE0OI (ofiginal]y

D2E7HAB 001). Study DEOOI was a multi-center, double-blind, randomized, placebo-

. controlled, ascending single-dose study. The study had five ascending dose cohorts (0.5,
1.0,3.0,5.0, or 10.0 mg/kg) with 24 patients in each cohort. Within each cohort 18
patients received adalimumab and 6 patients received placebo. Adalimumab or placebo

. v, was admlmstened via inu'a\_'enoil_§ (iv) injection as a single dose. At the start of this study,
“all patients remained in the dose cohort (0.5, 1, 3, 5, or 10 mg/kg) they had been
assigned to during Study DEOO1. Patients who received adalimumab in Study DE001
received the same blinded dose of adalimumab for their secbnd iv injection in Study
DEO003. Placebo patients received placebo a second time. A minimum interval of 4 weeks
between the first and second injection was required, and the precise time point of the
second administration was determined by the response status of the individual patient as
measured by the Disease Activity Score (DAS).

Study DE003 was open-label starting with the third injection, and those patients
who had received placebo as their first and second injection were switched to the

_ corresponding dose of adalimumab for the dose cohort they were assigned. The time
points for subsequent injections of study drug were also determined by the patient's
response status. During the first treatment year in DEQO3, patients randomized to 0.5 or
1.0 mg/kg could be stepwise titrated to 3.0 mg/kg;: During the second treatment

- year, patients were treated with 3.0 mg/kg every other week irrespective of their

responder status. Some patients could have received 3.0 mg/kg once monthly if they had

. -already achieved a good response at that dose during the first year. During the third year,

_ the dose of adalimumab was reduced to 1.0 mg/kg, and then stepwise reduced to 0.5 and

0.25 mg/kg, respectively. I,Sach' dose level was given for 4 months beforc the next lower

dose could have been given. Dose reduction only took place if the disease activity was
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controlled - defined as no increase in DAS >1.2 (compared to the value observed before
. the dose was de-escalited to 1.0 mg/kg). The summary of the study scheme was as

follows:

© . Figure6.1a_ Study Schematic

Study DEDGY Study DE0O? Study DEDCS Sty DEDOS
" FrstYow Second Yesr . Thied Yoor
- (B dweske atter ' v

- | swighe titnded v injection| | Siigle bilnded Iv injection | | Every other week o -Every other weskor

" oteliherplacabo or 28 10 DEVOY, then | montrly v injecsione of | | monthiytv iny o b .- .

. | acelmumeb st dosss of | | subsacquent open-iabel " 3.0 mo/kg adelimumab 1.0 mp/ch adnlimumab T

.. |051030.50,0r - | |ijecions every other week | | Kespectve of DAS orealter | -
] 100moig. dapending | |dependingonDas - | 118 y :

received 0.8 of 1.0 mp/kg.

’I‘he’re were 119 patients (42 males and 77 females) between 24 to 80 yeafs of age.

The patients weight varied from 46 to 100 kg. Five mL venous blood samples were '
‘drawn at study entry and at every follow up examination following the second dose.
Additional samples were collected at 3 and 6 months after the last dose. Serum samples
were used to determine adalimumab concentrations.

The population pharmacokinetics was performed on NONMEM (version 5, Level
1.0). The final model was a two-compartment model with posthoc estimates of
individual subject’s PK parameters. '

To model the wide variety of dosages and regimens between and within patients
and to take into éccount a possible dependence of the adalimumab clearance on the
adalimumab dose, the mean biweekly dose (DMEA) was calcula;ed on a three month
basis as follows: each patient's observation period was subdivided into cycles of
90 days. For each cycle, tﬁe total dose in the cycle (DTOT) was obtained by summing

- up all individual doses and DMEA was détermined according to the formula:
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DMEA = (DTOT * 14)/(deltat + 14). Here, delta t =90 denotes the length of the
respective cycle in days. DMEA was categorized into three classes (DMEASIOO mg,
100 mg < DMEA <180 mg, DMEA > 180 mg). For each DMEA class a different ‘
clearance rate was estimated. ;

The variable HOL was defined to indicate that a patient had a "drug hbliday"
(that he received no study drug) of 70 days (approximately 5 half-lives) or
more. The time-dependent covariate "HOL" was defined as follows: for each patient,
HOL was initially set to zero (HOL = 0).A From the first time point on, when a patient
received a dose of adalimumab more than 70 days after the previous dose ﬁOL was.' set
to 1. HOL was related to clearance by estimating a basic clearance for patients before a
drug holiday (HOL = 0, including patients with no drug holiday at all), and including an
. additional multiplicative factor after a drug holiday (HOL = 1). Apatt from the mean
biweekly dose (DMEA) and the drug holidays (HOL), no other covariates were
considered.

In addition to the parameters used for model parameterization, the volume of
distribution at steady state (Vss) was obtained: Vss = V1+V2. V I, V ss and CL were
presented both unadjusted and adjusted by body weight. Parameter estimates (+ (_standard

emor) from the final model were as follows:
‘-'f9-V.=308:tOl93L. ' Co | . R
- - CL= 0.271:!:0018]Jday ll.29iO77mUhfoMEASlOOmg '
- a- 0.261:!:0014Uday msszto.samumnoomgnmsléomg
v L= 0.279:1:0013Uday=ll6310.54mllh1fDMEA>180mg

e CUHOL.O.257:I:012(1.e thepopulanonm(lmmubyﬁ?%
fo0L=lcompaxedtoHOL=0) S T

. ViESZTEOMIL

After a drug holiday of 5 half-lives or more; the population mean clearance increased by -
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approximately 25.7 %. Without a drug holiday, the mean élearance values were in the
range of 13.47 to 14.65 mL/h for all three categories, whereas after a drug holiday, the
* mean clearance ranged from 18.72 to 37.50 mL/h. ‘

. ©_ Summary Statistics of Mean BiweeklyDose .~
<100mg - 100-130mg . - . > 180 mg

Drug Holiday - Drug Holiday Drug Holiday _
No - -Yes No Yes No - Yes
N 86 2 81 - 13 I T N}
Mean 1347 2880 1368 - 3750 - 1465 1872 .
- 'SD L .880° ‘4678 . S4R° CREAA . v lage  .xe&v
Mk Raastied :
Median 1250 1643 12.64 1732. . 13R1 1783 .
‘Maximum —
GeoMean - 1237 .. 1903~ - 1278 - - 2080 - - 1395 1199

" .Geo Mean = Geometric Mean -

Com'_m)ents: .

1. No attempt was taken by the Sponsor to evaluate the effect of agé, g;:nder and weight
on the pharmacokinetics of adalimumab that could have been easily done in this study.
2. The Sponsor’s calculation of Vss is incorrect. Vss is not the sum of V1and V2.

3. The coniparison between patients with or without drug holiday may not be appropriate
due to fairly unbalanced sample size (245 without drug holiday and 43 with drug
holiday). ' -
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Study #16
Pharmacokinetic-Pharmacodynamic Relatlonslup of adalimimab

In the clinical trials, attempts were made to establish concentréﬁon-effect
relationship. The primary endpoint wa§ based on the American College of
Rheumatology (ACR) disease scoring system in which a number of variables were
examined, and the smallest percentage change is recorded as the ACRNUM variable. For
a 6-month endpoint, the fractions of the population with 20%, 50% or 70% changes
(binary) were tabulated as the ACRZO, ACR50 and ACR70 values, fespéctively, and
these were compared to placebo or responses The following Table summarizes Phase II
and III studies for which trough concentration and ACR values were available.

= muonnehuomh:pm, .
Phase land I Studies

) 'l'rongb . . WeekMEme.q' .
Concentration ACR20 - ACRSO MeanSJVC‘

Study  Regimen _pgml) (%) -~ (%) _Decrease .
_ DE007 Placebo © =~ 00 ° NA | NA. " NA
" 20 weekly 54 - so7 - 25 82
40 weekly. 13 . 586 .. 314 BT

8O0weekly 238 . 83 278 - 00 o
I DEOO®  Pebo 00 .- . 133 . .67 . . AT

20 cow 36 . s07 313 - 16
40 cow 79 - 61 528 - 97

.. 8Deow - 132 . 657 Y . 109

DEOII*  Plactbo = 00 209 82 . 24

S 2eow - 12 o313 189 . - 51
" 20weekly .49 . - o429 . 2230 L.
4Deow 49 . 469 . 230 8s
dOweekly . 133 - - 344 . 369 .83 ..

DEOI9  Mmebo 00 35 105 . 61
) '20weekly: 97 1637 ’ 425 - - o one.

The mean tnough concentranon and ACR20 values from the above Table were fitted to an
" Emax model as shown in the ﬁgure ’
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" == Predicted

%ACR20 res
2888

o s 10 15 zo zs
~ ~ Serum D2E7 trough conc. (ug/mL)

Individual subject data from studies DE007, DE009, DEO11 and DEOI9
were submitted to various SAS analyses to establish mléﬁbnship’i;zfa;een- AUC and the
correéponding area under the effect curve (AUEC); using linear and Emax models. For
each individual, the time-weighted averagé trough concentration and time-weighted
average responses for ACRNUM, swollen joint count (SJC) and tender joint count
(TIC) were computed for up to 24 weeks of dosing. The individual data,

‘comprising over 1600 observations, for average trough concentration versus average
response revealed a substantial variability across individuals in response. The data for
SIC, TIC and ACRNVM with corresponding smoothing spline fits are presented in the
following figures. '

' Concentration - ESffeit Scatier Plots for Adalimuirnab in Phase Il and Il Studies

o E—— : 1. = T caemn W
w
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The vertical dispersion of the data is the greatest near the Y-axis, which mostly
represents patients on placebo treatment. With increasing concentration, the dispersion
decreases reflecting the drug effect. The above scatter plots were further plotted as
deciles. The concentrations were represented as deciles (tenths), and the corresponding
time-averaged responses for each decile (approximately160 patients per decile) were
computed. These are shown, for SJC, TIC and ACRNUM, for each efficacy metric, in the
following figures. » A

* Concentrations (Studies DE007, DE009, DE011, DE019) '

Jme L o | ACRNUM

'From the figures, which contain placebo data in the first three deciles, it may be seen
that the curves resemble those of the hyperbolic Emax with an asymptotic flattening of
the relationship when concentrations exceed 5 microgram/mL.

The mean + SE EC50 for SJC, TJC and ACRNUM were 1.35 +0.43, 1.35 + 0.49,
0.81 + 0.37 microgram/mL.-

53



© effect in a given individual will be inappropriate.

Comment: ] L

The ACR classifications are not especially well suited for traditional pﬁaxmacoldhetic—
pharmacodynamic modeling. The data are binary, thercf(;re, a iégisﬁc regression
approach is more suitable to rglate plasma concentrations with effect. On the surface, the
Sponsor’s Emax model appears reasonable, yet its predictive perfonnahce may be poor as
this model has not been validated on a separate data set. Furthermore, there are only few
data points and these poiﬁt# are also mean values. Univariate regressidn based on Emax
model, which incorporated duratioxi of dosing, HAHA formation randr presence of MTX,
provided a poor correlation (R2 = 0.204). However, a better co'rré]ation was obtained
with SIC (R*=0.511) and TIC (R2 0.500). In short, these phan'nacodynamlc models
may be good‘for exp]oratory purposes but the regular use of these models to predlct o

ARS THIS WY

ey OR\G\NN- -
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Analytical Method

A specific and sensitive assay was developed to measure adalimumab
concentrations in serum for the human pharmacokinetic studies. The adalimumab assay
was originally developed arid validated at Knoll in Ludwigshafen, Germany, where a
portion of the serum samples were assayed for adalimumab concentrations. Addmonal
assay'work was perfonned using the same assay at~  a 7

=== . The identical assay was validated at — and cross-validated
among the three laboratones The assay 7

b e

Sensitivity and the Range of Quantification: [ .
The original assay method utilized s == dilution of the serum sample The range of

quantification, which rehably produced a mean precision of coefficient of variation (CV)
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- and a mean accuracy of — , wés v . Thelower limit of
quantification (LLQ) was established at' «s in diluted serum, which is equivalent
to = inoriginal (undiluted) serum samiple. During the initial method
experiments, the working concentration range was set at’  ves— However,
routine analyses of serum samples from rheumatoid arthritis patients revealed non-
linearity in some of the samples in the working range above ~ “~~  The working

=

range was therefore reduced to . However, the calibration range of ==
* = .and QC concentration range of - === ~ was not changed as a result of
this observation. For the high sensitivity assay with a " = Jiluted serum, the working
concentration range was set at ?*_ .. The LLQ was established at === ,in

original (undiluted) serum samble.

‘Accuracy, inter and intra-assay precision:

Under routine conditions, inter-assay accuracy ranged from: o of
nomiﬁa] concentration for both the original assay /== dilution) as well as using the
~dilution. Inter-assay precision, under routine conditions was w=e= CV for both the
original, = _dilution as well as the - == dilution assay procedure. For the original /

«= Jilution) assay, intra-assay precision was evaluated in two different tests using
" replicate aliquots per concentration within each single test. Maximum imprecision was <
== forreplicatesand === for single analysis. For the high sensitivity e
dilution) assay, withiq the working range of ==as _ the average intra-assay

precision was we CV.

‘Stability:

Adalimumab in human serum samples was very stable and easily tolerated ==
freeze- thaw cycleé, 2  wee storage in the refrigerator or a short-term  wwe
incubation at 37°C. Stability of samples was established for long-term storage of at least

=weeks at approximately -80°C or©  w= . at approximately -20°C. Adalimumab in
human study serum samples stored at approximately -80 °c for up to e ineither
'on'ginal serum or diluted aliquot (1:10) was also found to be stable ﬁndér these

conditions.
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Determination of Anti-Adalimumab Antibodies: , .

An immunoassay, referred to here as the HAHA assay, was developed to
determine anti-adalimumab antibodies in sera of subjects and laboratory animals (mice
and monkeys) exposéd to adalimumab. The HAHA assay is intended to detect all
antibodies directed against epitopes on the adalimumab molecule. Itisa —  ELISA

that relies on the w=  technique.: —e

o R % JR— - T,

The LLQ wassetat ~— .in' ™~ diluted serum, -
which is equivalent to° .. in the original, undiluted, serum. The precision and

accuracy at the LLQ were sosmeen. 0 Of the nominal value, respectively.

_ APPEARS THIS WAY
ON ORIGINAL
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Attachment D-1. - Adalimumab Ana’lytical Method Summary

.. Malrix . Method... __Calibraiion Curve Range A LOQ! - Analytical Site®
T A A . Lower(ng/ml)_ UpperggmL) . (ogmbl)
© :DE00I" . . Serum . ELISA’ A Knoll

L . Synovial Flund _ELISA : A Knoll

3 % Senim ++ ELISA T /
:.Synovlal Flund ELISA S

N ;- EUSA.. _c_gt-“’ | -
1 ELISA - P e “ -
" ELISA. ._‘7‘*4”} /
Elzj-l'sAv. :
ELISA“. : & Km“ : '
T EUSA’ito: foll

5 Sﬂ'um :




- ‘Attachment D-1. - Adalimumab Analytical Method Summary (Cont.

" Swdy - Mowix.  Mehod _ Calibration Curve Range " LOQ! Analytical Site®
PR, ‘ Lower (ng/mL) Upper (ug/ml) .- (ng/mb)

" DEOI0 . :  Seum  ELISA Vs

- DEOII . - Sewm  ELISA S

- DBOlS o Serum . ELISA :

';béo'ls"-.g'_ : Se'ruu‘n‘j;': * BLISA

DB o Seume ELISA

:;05024Caucaslun Serumi.'.‘ ELISA“ o 0 Knoll
" DEOMJapenese  Serum ~  ELISA®® Knoll

DEO29 o 'Serum"‘: :EUSA

6S

... Abbreviations: ELISA -euzyme-lmked immunosorbent assay; LOQ = Lower limit of quantification:.
~®  Knoll # Knoll GmbH, Ludwigshafen. Germany: P

L. "High:sensitivity.assay. )

o In undiluted serum. .




Formulation

Dunng thé course ofthe chmcal deveiopment of adaliimiab, the dmg product
" fonnulauon did not change significantly. For the clinical trials the mjectable solunon
- wasa — containing mannitol and sodium chloride. ~
Although the chemical composition of the —— . did not change, the amoums of each
component were changed from the earliest baiches to the later batches: Tween 80
(polysorbate 80) was not added to the product used in the pivotal clinical trials, but has
+" been been assessed in Studnes DEO15, DE018, DE020 and DE029. Product stability
- tesnng established that. pH 52 provnded the best stability charactensues. I orde to.

' accommodate ‘blinded doses in the clinical trials, the drug product was prepared with

" thiree concentrations: 25 mg adahmumablnﬂ.. 125 mg adalnmumablml.. and 6.25 1 mg-
. 'adnhmumablml.

ii'i: Adniinistration of 16 L. of the 25 mg/mL product, mjected subcutaneonsly.
& .'requu'ed for the !herapeunc dose of 40 mg. To facilitate the i mjecuon process, a more
concentrated product was devcloped to reduce the injected volume to obtain the -
thierapeutic dose. A S0 mg adalimumab/mL product was developed for this{ purposc
Dunng the development testing, it was establlshed that the addmon of -

: polysorbate 80 to the solution S— R
" waee The product whxch is the subject of this Biologics . Lxcense Apphcauon .
" {BLA),is comamed in2 ml_ vxals ina volame sufﬁcxent to. rem0vc 08 mL. the
" formulation of which is- presented inthe followmg table. The formulauon is-also’
provided in a preﬁlled syringe that is designed to inject 0.8 mL. '

developmem 'S

gt Sngmﬁmt lmprovemen(s included  we=

f = ~ > ha e A SN

‘e The major phases of the dmg manufacumng process devel"" 'ment afe -
g:ven m ‘the’ followmg table. o
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Major Phasesof Drug Manufaéﬁinn-'::l’rm Development :

~ DmgSnbslanceBatda Nusinbers-

AFP603 to AFP707 19961997 .
~ AFP750 o AFP808 C . 1997-1998 : .
" - AFP809 1o AFP15B 1998-1999 e /

' AFPO2C 10 current baiches - 1999.2002

For each production of adalimumab a drug substance batch number was assigned. A
dmg substance campaxgn was defined by the penod in yearly dates dunng wl'nch a
specnﬁc production process was used to prepare adahmumab

TbecarlyPhaseIsm&eswerepcxformdthhthedmgmbstanoeﬁomthe . m—

- process. 'IhelaterPhaselandthePhasellsmdmnsedmatenalfmmthr wea—
" process;’ Phase III stidics and the pivotal bioequivalence, bioavai and
'::':'phannaookmcsmdxuuseddmgsubsmmeﬁomthe wnns pm
we  drug substance was used for the final product formulanonproposedfor
markenng, whxch wasalsousedmthepwotal bxoeqmvalenoe smdy.aswdlasmme

various processes have been compaled with a number of testing mcthods and found to
be eqmvalent. . :

 Final Formulation Composition

Active Substance:- o i T —
Mamnitod -
“Citric acid monohydme
.. Sodium citraie: o
o 'Sodmmonohydmsenpmhmdmmm
A ' Sodlmndlhydrogen phospbaxedlhydnle
'*-Ponysm,socrwao).
_Water for injection
. Sodium hydroxide” . -
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25 mg/mL, 2 mL vial
25 mg/mL, 10 L vial

25 mg/mL, 2 mL vial _
25 mg/mL, 10 mL

DEDO4

25 mg/mL 2 mL

25 mg/mL., 2 mL vial

. 25 mg/mL. 10 mL vial

BEoX

25 mig/mi., 2 mi: vial
25 mg/mi., 10 ml vial

DEDO?

" 25 mg/mL, 1.6 mL
12.5 mg/mL, 1.6 mL
.6.25 mg/mL, 1.6 mL

" DEO09 -

2Smg/mL, 1.6 mL -
12.5 mg/mL, 1.6 mL

i 62Smgml 1L6mL

- DE009X'; -

- 25 mg/mL, 1.6 mL

DEOIO .

* 25 mg/mL. 2 mL vial

DEO1t

25 mglmL.‘ 1.6 mL

125 mg/mL, 1.6ml . -

DEO1S

25 mg/mL, 2 mL vial

_ 50 mg/ml., 1.2 mL, with Tween 80
. S0mgmL;1.2mL '

DEO18

25mg/mL, 1.6mL

* 50 ing/mL. 0.8 mL, with Tween 80

- DE019 -

- 2Smg/mL, 1.6mL

125 mg/mL, 1.6 mL _

DE020 -

25 mg/mL., 1.6 mL

50 mg/mL, 0.8 mL with Tween 80-

. .DE024 (Caucasian)

" 25'mg/mL, 1.6 mL

" DE024 (Japanese).. .

2Smg/ml; 1.6mL

DE029

.25 mg/ml, 1.6 mL

© . 50 mg/mL, 0.8 mL with Tween 80

.: ... :DEO3N - -

T 28 mg/mL 1.6mL
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Comments to the Sponsor

1. Study DEOO1 states that the concentrations of adalimumab were lowrer'inrfemales than
males. Please provide the data on males and females to explain the lack of gender effect

on the pharmacokinetics of adalimimab. In fact there are several studies from which data
can be pooled to evaluate the effect of gender on the pharmacokihetic’sof adalimimab.

2. Please provide the method of calculation of half-life in population pharmacokinetic
studies using POSTHOC estimation. SR

3. In the individual serum concentration Tables, what does it mean by the term no value
reported (NVR)? Was plasina concentration not measured or was conce;htration below
the detection limit? Please clarify. -

" 4. In study DEOO5, it has been mentioned that a noncomparmental Van:alysis was
performed but no data was prpvided. Please provide the data of this analysis.

5. In study DE0O5X, the method to calculate AUC from time 0-336 is not clear especially
when blood samples were collected till 24 hours. Therefore, the estimated CL values of
adalimumab across doses appear to be ambiguous. Please provide appropriate

explaination. -

6. Please note that in the same study (DE005X), the estimated AUCs foxj MTX based on
only two samples are unreliable and should not be used for any conclusion or -

interpretation of data. '
7. In study DE0O7, in Table 9.2a, the data have been reported for 87 subjects, whereas the

study report mentions that 284 subjects were evaluated for pharmacokinetic_:s. Please

explain this discrepancy.
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8. Study DE010:
a. Please calculate the PK parameters for SC administration of adahmumab as done with
IV administration. R

~ b. Itis not clear how was the POSTHOC estimation of VSS generéted? In the control
stream file Vss does not appear. It appears that Vss has been ca]culated by addmg Vi
and V2 that renders all calculations of Vss as incorrect.

c. In the POSTHOC estimation, it is not clear how was the half-life calculated?

d. Table 2 is incomplete (P#397 of the study report, V#19). Some subje_cts data on PK
are rmssmg i

. e There are 54 subjects in the study of which 18 were g1ven placebo NONMEM data

file consists of 54 subjects with plasma concentrations. Please clarify.

Study DE003:
1. Vss is not the sum of V1 and V2.
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Recommendation: ( 7 7
The pharmacokinetic conclusion drawn from the studies conducted in this BLA are

acceptable. The Sponsor’s response to the comments is also satisfactbry and acceptable.

Htekhar Mahmood, Ph.D.

Clinical Pharmacology Reviewer

Martin David Green, Ph..D.
Branch Chief, Clinical Pharmacology & Toxicology
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